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[®?\\] 559.000 m 

.jfaaAjft] ?m (70X^0) 

[^0* 167.700 a 
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o]-AlJ^. (i n - s itu)^ JHH-5Lit^o|<H (sub-monolayer) o]^}o] SME^** 

nasi 
i i 
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oi-A]^. D}0l^^-^3 nyaMlSnflEl Aj^tgi Ultra sensitive in-situ 



E^S] >^J 

£ 2£- sflH ^5.°1>=+. 

5. 4^ ^^£1)^5} ^^ § #eflo|e 7 f ^£ ufEt\fl i^o|c^. 

5. 6^- §^S1 ?B^^lHlofl (torque) o] 7>6fl*l£. i 



netometer system} 



10: ^fc^ 



20: UHV 3§*1 



30: oflS 



31: ^ ^ 



32: 



33: (RF coil) 



34: ^cfl 



35: <3^*H4 (SmCo magnet) 



36: §2] 



37: 



38: ^}*f ^ 



33: #2=L 
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40: Hfo)^ 
42: 

44: X|] 2 9-HJ€ 
46: 

46b: ?flE]3]Bl£] tfla(leg) 

47: oj^^] 

49: 

60: Jl^ 
62: if-j* ^Ei 
70: Ji^o* 
90: 

110: 3g«Ei 



41: 2W*H 

43: SU8 £^e)Ulil 
45: 1 

46a: tHe]^ ^ n efl oj ( frame) 

47c: ?BEleflBl^ Dfl# (peddle) 

48: %^ % -g-?-Jl°lH 

50: ojE-iJUl^TfljE-i 

61: ^ ^*l^f 

63: 3^1°! i^tflolEl 

80: <3« 

100: ^-9J ogn 



IT9SI 4M1?> 

(in-situ)^ *t H -2.^11 olo^ (sub-mono layer) °m<H ^^^^ SM^t* 
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7l#S-cr (Squid). -a^(SEMPA) T i! 7>7l<2] # 

-7> stm. 

^3.2.3. *>7]>9Ui# ZlWMtr . € Mthall effect). WW 2. 

o}7|. ^ o)-§-c}^- *1-^7> ^<>fl 4^.2.3. ^7J^# 

7^}^ 3^ *W 7+7l#°1 ^ 5.^ oil t^SI ^.2.^ ^7l^o) 

m\<* o|-g.*> £.o^ BflS-Uilolo] A>-§-*M 7>7l^o] 

SOjolJ D|^l^ Oj*^ # o)-§-*>^ 7.>7l^ ^ ^Olt}- 

Afflux quantization) 2* °l-§-oto} 10-"> 7}^ i (Gauss) ^7] S] 7+71 

^3 #2} (oxidation)l- -fr^o^ . «m<>l 4^ ^2R># # 

5^. 
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5E*V A|^^o_^- ofaMl^ ^ £>:B^ (Angstrom) 3 5. 

^^i^H A^o] 7\^i>m , (sub-Angstrom) o| ^S] ^ 

7H] ojSj-g. ^Tfl^oj ojt}. 

oi^jz^ 7i#3 awn 
tffl-^T] ^jih z* *£<H1>M ^*r*r ^ 5U£- 

-A|=- DMaS-S3 D>aUl£DflEi Al^!- 741^^71 ^^o|tf. 

^1^-^71 ^H^ojcf. 
*g*§2\ C}|§. -=^£- 7lcfl>^7l7<l^J:^ (Giant Mognetro Resistance Effect) 
^■S\ 7}7] 7]-=- cfl^l (Magnetic recording media) S\ ^ mlS.^ ^S. (areal memory 
nsity)£- ^ofl ^^S-S. S^-S^o) *M ^ ^Z\\o\ 

(ultra thin magnetic film multilayers) 2] 7*713 t» ^l-^ 

D>rH4l£nflE| ^t\7\ ^o]z}. 
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*i?ib ^aiH: #71 &^3.**i ^^tH ^s]^- #7i 

## 180 £ *v#<*)?]jl. y^^lofl ^=l£r #x** a 3#*H- i#>q^. ^fll 

3 ^ u}^ ^ ^2}^ ^5} cHl °1^J^ 5]^^*>7l 3*} *1# Jl 

^H: #7] 3# ^Hofl^ ^H# «H3 £x£ §^^l7i #^*Kf 23 

#71 ^# f£oi|^ #^slcH oj^J^ls 3-^=]4r 3# U J^ 

*l*Rr = : #7] <5-^-\'-°l)M S]# «>3 <]2§ # 

7flE^fl»]°J ^l ff #±flAl7l^- o^Sfl: #7j #*6flH S^oj] 

*Kr 3^5* = ^7| *!tt*5*<>M 4!x# ^^^I7|7l <!§«: 31 

S, HlH^^^- ^ElfllHl a-SflS] #^<y ^ #4*|£ ?flEl£flH]^ 

£ 1*^3 #*HflH^r. %#^l #71 tfl^^oll 

#7) ^*!^# ^1>o> «4 n 4<>i] *M)# S<y : # 

S^nf oj^of #71 ^ *ra ^°fl 7j7l#: #71 TjT^^ofl JJ 

^5]°*. D} a u]*M ^^51 *> #^^17171 <S^^: # 
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§4^= *\V ^ofl «l: #7| ^ofl 

#7| 5.^]S] <U^o\] <Q^S\ #7| 

1 ^7! 1 $|ofl ^*15]£- ^ ^ #i1)ojE ^ ^flEjdliH : #7) 
^-oi] SUB aS^I^^E; ^71 SU8 £^1*1 ^^-o\] *i] 2 

V?\ *| 2 ^<Hi j?^ 4*13 >,a^: 3! ^71 2 A>°H1. #7| 

2 *U|Sl4r ol^*] ^# ^3£.5L *Vtf. 

^^•JE^ 5E. 1<>11 «m , ^^^(10), <g^eflS(30). <>] 

«1^ollEi(50). "23 ^H(60). JLW ^^(70). <3H(80). A^eflo|E| 

0). ^-°J (100). (110)5. St>. #71 ^ J>3 ^H(60)£- 

# #7^(61)3. =H 11^(62)3. ^<U^1»1 £±!*1|o|E| (63)3 »] -^££.5 ^3 

d}7^. ^ ^ (10) A^ 6flS(3 o)7h UHV 3^(20) vfl^ofl #7l ^ 

^(10)^r ^7^# #^dflH(30) i-flJfSl ?flElifliH(46) 3" 

u}^ <2^# #7| ^6flH(30)£- olEifll^DflEl (50)3 H*°1BH31) ^ 
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#7] UHV % U\ (20) ^ olj o] El JH1 El (50) 7} ^ *1 Si ^ . #7l °] El *] ^ifll El (50) 
" #^6|1H(30) Lfl^Sl ^BEl^liH (46)3 ^T^cd ^71 -y^lS 

#7l olEjiUl^Tilltl (SQ)<*]M *pl #21-^ JH# i# ^-H (Phase Locked 

o P .60)S #?l ^# ^3 ^ S ( 6 o)^. ^##*1^ (Phase detector .61) 3} . 

H ^EKLoop Filter, 62)5+, ^<M<H £#3l oj E|(Vol tage Controlled 
ciltator.63)^ >H] -*f^5 ^#^1}. 

#7] $1# 51 # (60) 7}^-2-. ^*!*ll (47)^. ^3^. #$.2\ olEi^lSDil 

(50)o11^ #^5l4r $1## ^# 1805.5. JH^ ^7M1?|^ Cfl 5U^. ^>H. 

£ °]*1] El £fl Hi (46)21 #±fl>M?lJ2. *1^7> SL^Wl ^ *h ^ ^ 

^5} ^ ohi ^ £«j#;§:si sfl^# ^7ie>^- <?m# *>t^. 

#7] JZ^^ ^^«-(70)^ #71 4H# JL^ ^r* <60)ofl^ u]*]*} ^jf 

#71 #3*11 (47)oi)A-1^ #71 $1# #21^ ^^^>0> ^}7l ?jEl*flBl 

6)5| #411^71^. <2|§# *>Ol. #7) ^-ol ©|S (lOO)oj]^^- ^^MM 

olEl (63)ofl>H #^SJ $J# "J^l #S:# ^T^o} 3^(110)2* ^ ^#nfl^lS 

. #71 ^^^-(^ofl Dl^Al)^ #71 #^5)1H(30) ifl^-51 (33) o}] 

017^71 5]z>\o\ ?8 El £11 Hi (46)51 ^^^ofl 6fl^>^ #^S} ^<^#31 

HUM* #^*Hr W. 
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#7j <SH(80)^r #?l ^^r^^M ^*\?\?\ 

£»> #7| i-a^oi^^. #7] ^bej^iiH(46) -g-^<y# ^*i*> oiEifliami 

(50)ofl^ #^5}ir ^121^ #71 ^*1<47)5. SlH^Sl^ *!M . #7l ?J 

(46) £-^5] $ A^sJ ^Z]]B] (46) ^«J# *^*>^f ^# 

#71 ?B^£flHl(46) ^2fl^ §^]ojoJe+ ^71 S^lHoll Sj^^ol 7}afl7i 

5|<>1 ^^-SJ ?flEl£l]Bl (46)7> #*VS 2^ "fl^l ^WH. #±H^1 ? JE1*H 

(46)^1 ^-^ojol^ ^M*! i^£flolEU63)<Hl>H *]# #317} #7) <# 

*fl(47)ofl ^Sjo] ?J El eflei (46)51 £ifl2l ^oj 0 | #*fi£j&# ufl^l £-*l<y# ^ 

. #71 ^SflH (30)51 ^£ ttw^l 
t>^. ^ ^ S 2o« «m ^°1. §*t oIlS (30) fe- ^#^51 ^-^ 

H(32) ^°<H1 §*f ^(31)o| ^#^C*. #7) ^S(32)^ M^o} ^ 

H(30) Ml ^-51 S ^ ^f£# il^b <3^# 

#71 €^51 ^S(32)51 LflA^o}] ^(33)o] #7] (33) 

*M1 (torque-field)l- ^3*>^ 

#71 ^(33)2* oj^^ol #7) ^ €H(32)51 #Jfofl X|*|#(34) >fl5 

#7j >q>q%(34)ofl <3 (SmCo magnet. 35) ol Jl^ ^T^^C}. #7l 
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^*H*<35)£- n^atfl^ *> 3^*171*1. #7] ^1^1^(34) 

* #71 *H9# ;*17J*}^ <sm# *>c|. Tfl^^ ^ej (cu)S o]^cH^ict. 

^H(32) #Jfofl W-l ^^{36)oJ #7) 

E}»] #3] (36) -g- #7| ^^B(32)S+ <^*ll W 3^(38)3*21 ^7l^o] ^# 

^71 Xfl^(36)§^ #^-<>fl S^*fl(37)7F -gSI^Oj. #71 ^3*11(37) ^ 
^-A-ofl °1^1*> ^^1^1 <&*l*fl21 (38) o] «^ ^^l^ct. #71 

^^121 ^ 3^(38)£- #71 £^*fl (37) oil < y7>e>fe- #7l 

S*h #71 41^(36) #*12] ej^^ #71 £3*fl (37) #^-ofl 

*fl(47)7> ^7]%^\. #71 ^^1(47)^- ?fltl£flul (46)^1 #*fl>M7l7l ^ofl 

(feedback) HM8tW. 
#7) ^^1(47) #^-ofl 1 ^^(45)oJ ^^JSIBI. -#7l 1 ^#(45) ^ 
*>^fofl ^SflSl #^-^^(39)01 ^*1=lcJ. #7] <&3*fl2] ^ 3^(39)^ 2 
^^(44) oj] ^oj.o r o] 7 ^ } - W . 

#71 1 #^oll>- ^ ^ #£flole(48) $ (46)7> ^l^C*. 

^Jf^ 3 £ (46)2} ^ ^ #^lolB (48)21 L+Ej-id S^o]^ 

5. 3 ofl ^A}% B\S\ ^ol. ?jEl^lal (46)^- *n<S (46a). £fla (46b) . J*fl 
(46c) 21 ^-^-^ U^l}. 
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^^-i^ 4 £ ^EjfllBl (46)S+ ^ £ #3H^(48)7t 

6)^ o|^ji fli}. § #£l|o|E( 48 )^ ?flEl^|tH^ 

6b)ofl «^o] &2ti\7) <$S.% i\JL. ^EleflBlB] Dfll-(46c)ol]«> §*M)71tt 

QtltWS] (46c) ^ofl^ SU8 ££fl|7]>:B(43)7} #7l 

8 ££^1*1 ^(43)^ ^EliflBl^ Bfl#(46c)2t nM*H(40) #*2}2\ ^# <U%*\ 
^f*l*>7i <3## #7| ?J!el^lH2l Sfl^(46c)2f 5^0)^(40) ^2}2) 

#7| SU8 5S*11*1:£JE(43) *1 2 ^#(44)0) #7l *fl 2 

#(44) ^Nfofl ±3.^(AS)?\ JH3 ^^s|t4- #7) ^3-^ (49) *HE|2fl*H (46) # °J 

£*> #7| 741 2 9-^ €(44) A>ol ^o^ofl V)o\ti\(40)?\ #7| 2 ^Sjs*(44)2} 
^ ^sjcj. ^71 n^o|tt1(40)Sl 7|£ n^^r 3^ (fiber core. 41)5+ ^efl 

(cUd.42)S oj^oi^lct. #7) S}o)Oi (41)21 7]so. of 5po oi ^o] u r ^^ 
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#7l 5. 1<H| b}£>} ^ol, #*m# §°}ofl. ^ ^ 

"eposition source. 10)5. ^ #^3lH (30) tflJf°l ^ *fl*1 (canti 1 ever .46) S\ t\ 
°}aMl^ ^(Magnetic Atom)7* #71 ^^^1^(46) *>^-5^ 

*Hfi. *S (SmCo Permanent Magnet. 35)£- *m°11 7f7l#(bias field)# ^ 
jL. #7] 747l#ofl ojofl «m°l ^71 JS."flE (Magnetic Moment) 7} 7\7^^°\ 

£ #<g€tK 

o| *H. RF 2^(33)2* <3^€ ^^^^(i^ofl D|iAl)oil^^ ^EltflHl (46)51 
J'S^BH^l cH^c}^- #*i^ *H8>M?J ^H(80)5 

#71 <gH(80)oflA-l^ ^tt^JfoM #^ ^^^5:1- #^*1 ? J^ # 

RF ^(33)<>1! #7} RFM^(33)ofl #7) RF 

^(33)ofl ^ o]7>6fl^ T^Tfl (AC torque field)!" 1^8*1 <3*h# *>t} . 

^^M. RF S^(33)o^l ^ = ofl «M 7^711 (AC torque field)7h 

71 «|^ofl ^^«^o.5 o]7}5lH.5 7M^3 «<H?.°5 «t°|Sl 7^71 

oil 2J 3^ (torque) # 1*^*1?4. ^ n -t°l ? J 3 31 »1(46) # *!^>M?]t}. 

. #7] Eltflal (46)^1 -g-ig (resonance frequency)^ 12 - 13 kHZ 

«1. ^ ^HK^M #71 ?jEl£fl^ (46)^- =-^5>7fl Sl^fll. ol-b 
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3^ofl £]*} ^Z])U] (46)^ ol=-ig^^ t^Slf ^C|. 

^. o)^^^ Z = 6T H 1 C 2/Ew c t c 3 = 6 u 0 mH T l c 2/Ew c t c 3 = 6 
0M S t f a f H T i c 2/E Wc t c 3 o}z\. ol7|^. l c ^- ?J1 E} ilfl Bl (46) S] ^ o] . p Q J=. 7Mr-g-?>il >H 

Jf7}#. Mg^- i£f a f ^- 7p1 y -| a 43 H T ^ 5] (torque 

eld) . T M = u 0 «stfafH T * r 7j 3^ (magnetic torque) . w c ^ ^EjiLflBl (46)5] 
. t c ^ ^31*1(46)3 ^m. t^r ^ n 43 

?.r^. #7] (46)3 o] El ^)^D|]E1 (Laser Diode 

terf e rometer.50)oil °1*ti #7l^t}. #7| z\]o]^ E+oliH ^]EiJfl]^DllEi (50)ofl 

^X^r Jl^ (60) # #ofl ^^o] 180£ w>^^ ^^5^ #2.% # 

*>^}. 

#7j = S (60)o|l^ ^#0] 1805E w^Sl^r #Sj32.S 

Cf. 

JZ^ ^B(60)iflS| >^7l ^^7]^- (phase detector .61) ^ #7l °1 
*H5.*im (50)ol|JH #^5]^- A^*«<>HM (63)S 7^ ^3*1(47)5. 

^s]£. dc *3ttct. 

#71 ^El(Loop Filter. 62)^- %<8?1\o] _2.*Jfll o) Ei (63) ^ 3^.2.5. 

^-*>7l ^afl #7) ^^7|^(61)ofl^ ^-H^Tfl "J#o^ 
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'*><^ ^^o| 180^ (sinusoidal) o] (Phase 

lector. 61)5 S]B^S)o| ^ Jl^S}^ t>£ . ^^(70)# f-^oj 

2131(47)011 ^-^ch 

#7] JZ^°J ^^(70)^ 3#*|o1 i^^]o]El (63)ofl^ d1>H1*} « r 

^-^M^r *>E}. ^^3If e^-oj oj 

(100) ofl^ #7|5)i}. 

. >^7i ji^ (so) on ^ ^ §^ 

0)# 71^|>H, >^7l ^ERU^ (46) <2j ^ofl ol^ oj^^( pie20 electric 
terial.47)3. B] H>9 (feedback) S] <H *1 . ol^ftl <^ElH (Active 

edback) 2}^o|e} *lcj. 

>y- 7 ] <^TL)H (Active feedback) 3HS# #6fl . *3 E| Z\] B] (46) ^ ^^0] 7\ 

o>ofl t (deposition source. 10)3. ?J ^ 31 «1 (46) 3] o->^f&*!.°5. nfa 
*H €^7V o]§^>H, *HE]zflHl (46)51 #7 r Al?i. §«9^nK*# 

Umass loading effect) # ^ Sw^i (elastic 
dulas) M# 3^5}o-}7l ^ofl^o]c}. 

i^^olElfe- (Oscillator. 80) -*f #7) *flt]*i}Hl (46) S-ZflS] # 

°]E|«l^Dl]E.1 (50)oll>H ^l^S} #7| °i^Sl| (47)5. SlH^S]^- 

7*^*1 (46)5^ ^Efloj °-^oj gj #3]oJ # «*?K4. 
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^ 3.=% (60) 1- -°r]^ ^2^- JlV<ti (70) # 

~*l ^Afl(47)S. nJS^ Sl^ ^I<H1. H}3 ^121^ ^(amplitude) £ 

y\ ^ 2.*$RS- m*?}^*} AJs^ •d^tH (Lock-in amp. 100) 

#7j ^-o] og H(100 )^ io]^ <gt£ # 7>^*M1 6} 

ol nfl. (47)3. ^3: 3 «|^Sl ^7] S^OH 

Ul^l^D^. o)£ -§-cfl §^3^^# 7^7) (magnetic moment) # SM^*}?!! 

°1 nfl. 4^=1 H4q|oj ^ S og Bi!! } ol^^o] Ulii*>7l $1«M^. oi El «i 

nllE-i (50) oil 3*11 >J21£1 *]^# 7\7\ i°flB£. S^*}^ ^ ^#2} Q£r 

M S t f a f = Ew c t c 3x Ai / 6 u O^c 2 * * Vio 
6fl C|of*> 13^3} 7*7}# ^ °a^^. o1i=- *)^<HW £ 

°l#°fl>H SM^i^ »<^.2.S #*WSil# 

5U^r £2*7* 
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a. oq^ H oj-e-cH ^^2}^ . 

^(deposition source) S ^-El ?5^£fltH^ *^&^J2.S DfaMl^ o]=-e>^ 
. ^ElZfliHS] %7}*\?\, 2 (mass loading effect) 

3:£2miL ^^fl^^ SfJii (elastic modules) 
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±±: 

^71 ^lEi^|SBflElofl^ #^*J ^71 ^JS§ <y^^>0> WV% 180 5. 
^^|7lJl. <&3*1HI °d ^ i=- 3 Ji^^l^. ^Z])*]<H ^ ^5} 

n}£ §g Dl^fe- <s<&# 4)^*^71 W*} WW Jl3 ^H: 

^71 44^ Jl^ ^5oi]^ ^ «J*1 ^!^# #^^17J #^*Hf Jl^^ 

#7] ^ ji^ ^H<M #^=1<H ^Sl^ ^ «>3 -ilit 
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#7) £Efi3 #*1*[ ojEllSlSBflEion^ *\$.2\ # 

^3*13. a|H^s]^ #5:1- . ?aeU1I«1 £-eH3 5,' #*J1€ *§3*fl»l 

S ol^cH^l o)-A]jz v\o] n}aM] S m]Ei A]^. 

39-^ 2] 

XI 1 ^ofl 3JiO)M, #?1 °jE.i«]^fllt1^. 
3] 

*1 1 «ofl SJ<HA1. #71 *1# ^S^r. 

dc A^^l ^ftf °J# ^T^S}. #7| 3# #*|JfcM # 

# JfHU*] *V7| g #7| ^e^ oi| >yj:# °]^«>o} 

^H} #3lS ££*>°1 #^*Rr OT. ^^Bf ^Jit #71 ^# #7l^S 3H 

^# ^*>7l ^^]<H jSL#*fl<>lEl^ O^O^i, ^<!°S 

XI i W &°\M. #71 ^*N1H^. 
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^7} ^-^sJJZ #7| oJH^ifE-i 

3*1: 

#7l S^^f °|2J*M #7] &±S) #Jfofl 

#7j *]*1*H1 ji^ *J*151d^ o^aM]^ ^^oj *> «^o_£ ;gojA| 

^71 <g^£H ^ofl ^^si 4lB*ill 

^Mfoj] 

^71 i*?*U3 *J^ofl ^^51^ *>^^^: 
#71 tt^afl tf^fofl ^sl£- *l 1 

#?1 *fl l $H1 <g-*| ^ ^IMH 91 ^mfl»i: 

^71 ^1 1 ^ *>-¥-oil ^X|51^ ^AflSl AJ*L 

^7i ?jehi]*13 ay|<y >^«ofl iasi su8 aiii^iB; 

#7l SU8 ^-¥-^1 ^*1^ *fl 2 9-2) «: 

^7} *fl 2 ^ofl J7^j 5| 

#7] *fl 2 ^-EJ^ AM ofl. #7| *fl 2 "U*t HM Hi : 
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" *l 2 «cfl ftolM. #7] ^H^r. 

#7l ^ ^HSf ^7] ^ ^^2\ ^7i^«y 3# ^ 

2.3. *\lr <£M& DfaMl£tifle| A]^. 

«. 
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S^tf 10] 

* ^ 2 #ofl ojoi^. #7| ^^|^. 

#7l 7flE}£l]^°l #*fl^l7l7l ^Sfl DISC'S- 1H8**7| 2# 

#*.3. *Hr ^J-^l^- dH3S-£3 DjaMlsoflEi . 
HI 

2 #<H) 5U<H^. #7| §*f ^ MM "fe. 
*\5L. #71 Bfll- (paddle) ofln} ^# 3*> 2# ^.2.3. 

S^tf 12J 

7$ 2 ^°11 SlcH^. #71 SU8 MHWiSfe. 

?flEiyl«l2l Sfl#3} V\om tt% 5 unl 2# 

5. u>ol3^- S a o}ai4lSDJlEl ^l^. 

i=f-^ 13] 

>il 2 #ofl ?\o\a\ . 4>7) ^3^^-. 

#71 ^fl^^Hll- #71 <tf3*fl #^f ^^ofl Jl^Xl7l7l 3# t}^ 

i-Ai^. n>oi3^-sa D}a^lsmitl ^i^. 
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